Introduction to the Issue on fMRI Analysis
for Human Brain Mapping F UNCTIONAL magnetic resonance imaging (fMRI), one of the most recently developed forms of neuroimaging technology, allows noninvasive assessment of brain activity and has been aptly called "our window into the human brain". By enabling researchers to study temporal and spatial changes in both the healthy and the diseased brain as a function of various stimuli, fMRI has contributed significantly to our understanding of the brain, and its study has been one of the most active areas of research. The study of fMRI data is highly interdisciplinary due to its unique nature and particular challenges. Between the two main groups-the developers of the technology and the ultimate end users-there is a major shift and increasing recognition of the role signal processing plays for extracting, processing, analyzing and modeling fMRI data for human brain mapping. As a result, fMRI analysis for human brain mapping has been gaining importance and momentum within the signal processing community. This special issue aims to underline this major current trend and bring together a diverse but complementary set of contributions to address the current brain mapping challenges and the solutions where signal processing plays an important role.
The selected papers in this special issue clearly indicate the increasingly important role of signal processing in fMRI analysis for human brain mapping and also underline important challenges in the area. The selected papers present significant contributions in three primary areas: data acquisition and preprocessing; brain activity detection and pattern analysis; and brain functional connectivity.
Data Acquisition and Preprocessing: Papers in this area address the practical concerns in data acquisition and preprocessing. The paper by Tieng et al. presents a methodology for determining accurate coil sensitivity profiles for faster, also with fewer artifacts, MRI image reconstruction. Pre-whitening of fMRI data, a widely performed fMRI preprocessing, is sensitive to the accuracy of the autocorrelation estimates. The paper by Lenoski et al. proposes an evaluation framework for testing the accuracy of today's state-of-the-art autocorrelation estimates. Simultaneous EEG and fMRI is emerging as a powerful tool for brain function study. The paper by Mahadevan et al. describes a new discrete Hermite transform method for BCG artifact removal from an EEG signal recorded in a MR scanner.
Activity Detection and Pattern Analysis: The majority of fMRI studies in brain mapping focus on detecting experimentally induced or spontaneous changes in brain activity and enabling better analysis of brain activity patterns, with numerous applications in both clinical and fundamental neuroscience.
In this context, accurate registration of an fMRI and a ref- et al., on the other hand, studies both structured and unstructured noise in fMRI and presents a novel unsupervised noise-reduction method using canonical correlation analysis (CCA). The paper by Atkinson et al. specifically targets small regions of low CNR BOLD signals and presents a blind estimation scheme to detect small regions of low CNR activation more robustly, and the paper by Rydell et al. shows that combining different similarity measures using bilateral adaptive filtering increases the accuracy of activity detection.
The papers in this area also explore new approaches in an effort to improve activity detection performance, address the inter-subject variability issue, and allow for better interpretation of activation maps. Instead of controlling type I error rate, Van De Ville and Unser propose adapting the false discovery rate principle to the Wavelet-Based Statistical Parametric Mapping framework in obtaining parametric brain activity maps. The paper by Uthama et al. presents a novel spherical-harmonic feature based framework for analyzing fMRI spatial activation patterns across groups. The paper by Malin Aberg et al. proposes a novel evolutionary classification scheme for brain state discrimination and can produce multiclass voxel relevance maps. The paper by Ciuciu et al. proposes applying scaling and multifractal analyses to EVI fMRI data. The results strongly support the presence of scaling parameter changes in fMRI data between ongoing and evoked brain activity. It has become increasingly important to integrate fMRI with EEG measures to obtain a better understanding of the brain processes. The paper by Gonçalves et al. investigates the inter-subject variability of the BOLD signal using hierarchical clustering and the co-registered EEG is used to provide an interpretation to the derived clusters.
Almost all of the papers in our issue use conventional single-echo fMRI data while the development of parallel imaging technology has now made possible the collection of multi-echo fMRI data. The paper by Buur et al. introduces the notion of multi-echo fMRI data as a multi-channel signal, and examines three different source extraction approaches for improved estimates of task-related BOLD activation from the multi-echo data.
Functional Connectivity: Papers in this category contribute to study effective brain connectivity, defined as the neural influence that one brain region exerts over another. This topic is of critical importance for the understanding and assessment of brain function in normal and disease states. The paper by Mader et al. investigates directed partial correlation for inferring brain interaction network structure and the paper by Ma et al. adopts a binary representation for block-designed fMRI data, and proposes applying Probabilistic Boolean Networks for modeling brain connectivity. Another key research problem is the fusion of data from two or more imaging modalities for the identification of interacting brain regions. The paper by Franco et al. uses the joint independent component analysis (ICA) approach for the simultaneous determination of white and gray matter connectivity by examining both resting state FMRI and DTI. In another paper, Correa et al. present multimodal CCA to identify linear associations between modalities such as fMRI and EEG, and fMRI and structrual MRI. The advantages and limitations of the multimodal CCA and joint-ICA fusion schemes are discussed.
The papers selected in this special issue, we believe, provide an overview of the state-of-art in the exciting and fruitful field of signal processing and modeling of brain fMRI. We hope that this collection will help identify the important issues in fMRI analysis and the key challenges to the signal processing community to help with the growth of this promising field. We thank the authors for their outstanding contributions and the reviewers Lars Kai Hansen is a Professor of digital signal processing at the Technical University of Den
